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Abstract. The reaction 7p — > K + A(1520) was measured in the energy range from threshold to 2.65 GeV 
with the SAPHIR detector at the electron stretcher facility ELS A in Bonn. The vl(1520) production cross 
section was analyzed in the decay modes pK~ , nK°, E ± ir^, and Aty + tt~ as a function of the photon 
energy and the squared four-momentum transfer t. While the cross sections for the inclusive reactions rise 
steadily with energy, the cross section of the process 7p — > A" + /l(1520) peaks at a photon energy of about 
2.0 GeV, falls off exponentially with t, and shows a slope flattening with increasing photon energy. The 
angular distributions in the t-channel helicity system indicate neither a K nor a K* exchange dominance. 
The interpretation of the 71(1520) as a X"(1385)7r molecule is not supported. 



PACS. 13.30.-a Decays of baryons - 14.20.Jn hyperons 



1 Introduction 

We report on a study of the dynamics of the process 
jp — > K + yl(1520) for photon energies from threshold to 
2.65 GeV. The CLAS collaboration [I] investigated this 

' process in electroproduction, at electron beam energies of 
4.05, 4.25, and 4.46 GeV, in the kinematic region spanning 

■ the squared momentum transfer Q 2 from 0.9 to 2.4 GeV 2 
and for invariant masses W from 1.95 to 2.65 GeV, and 
suggested that the reaction is dominated by f-channel pro- 
cesses. From a comparison between their i-channel helicity- 
frame angular distributions and angular distributions from 
photoproduction measured at Daresbury for photon ener- 
gies from 2.8 to 4.8 GeV [2], the CLAS collaboration con- 
cluded that i-channel diagrams with longitudinally polar- 
ized photons contribute significantly to electroproduction 
of yl(1520). Here we present new photoproduction results 
in a W range below the Daresbury data, allowing for a 
better comparison with CLAS. 

The /t(1520) production was investigated in the decay 
channels yl(1520) pK~ , nK°, S ± n^, and Att+it-. We 
present, in four energy bins, total cross sections, differ- 
ential cross sections da/dt and angular distributions in 
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the i-channcl helicity system. A decay fractions and an 
upper limit for the fractional contribution of vl(1520) — > 
E(l385)ir in the Air + ir~ final state are reported. The 
results presented here are based on 180 million triggers 
which were taken with the SAPHIR detector. A study of 
the related reactions —5- K + S ± tt t can be found in an 
accompanying paper [3] . The data are available via inter- 
net 



2 The experiment 

The SAPHIR detector is a magnetic multiparticle spec- 
trometer [3] which took data at the 3.5 GeV electron stret- 
cher facility ELS A [S] . The setup is shown schematically in 
hg- HI An extracted electron beam of 2.8 GeV was directed 
on a radiator target to provide an energy-tagged photon 
beam within the range from 0.868 GeV to 2.650 GeV. The 
data-taking was based on a trigger defined by a coinci- 
dence of signals from the scattered electrons in the tagging 
system with at least two charged particles in the scintilla- 
tor hodoscopes, and no signal from a beam veto counter 
downstream of SAPHIR which detected non-interacting 
photons. The drift chambers served to measure charged 

1 http://saphir.physik.uni-bonn.de/saphir/publications 
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particle tracks. The scintillator hodoscopes were used for 
time-of-flight (TOF) measurements and in order to deter- 
mine the particle masses from the track momentum (mea- 
sured with the drift chambers in the magnetic field). For 
a more detailed description see [SJ[7]- 

3 Event reconstruction and event selection 

3.1 71(1520) -> pK~ 

Events from the reaction jp — > K + pK~ were selected 
from three-track events via a kinematic fit using the mea- 
sured photon energy in the tagging system and the mo- 
menta of the charged particles. Events were accepted, if 
the fit probability P(x 2 ) was larger than those of compet- 
ing reactions (see tabled]) and larger than 0.001, and if 
the mass assignments of the charged particles were in ac- 
cordance with the time-of-flight measurement in the scin- 
tillator hodoscopes. In order to achieve a better signal to 
background ratio, events from the reaction jp — > p<p with 
4> decays into K + K~ were removed for photon energies 
above 1.93 GeV by a cut in the K + K~ mass distribution 
(1.0097 GeV < M K+K - < 1.0285 GeV). 
Figure [5] shows the pK~ invariant mass distributions for 
the full photon energy range (left panel) and for four en- 
ergy bins (right panel). The distributions show a strong 
71(1520) signal. The 71(1520) contribution was separated 
from the background by fitting a polynomial of fifth order 
together with an appropriate signal function. For this sig- 
nal function a convolution of a Breit-Wigner shape with 
natural decay width and of two Gaussians, reflecting the 
experimental resolution (so-called double Voigt function) , 
was used. These fits were carried out with mass and width 
of 71(1520) fixed to PDG values 0. 

3.2 71(1520) ->■ nK° 

The topology of the reaction jp — >■ K + nK®, where K® 
decays into 7r + 7r~, is shown in fig. EJa). The secondary 



Table 1. Reaction hypotheses used for kinematic fitting. 



Hypothesis Reaction 



1 


IP " 


-> pK + K~ 


2 


IP ~ 


K+K%n 


3 


IP ~ 


-> K+E+tv- 


4 


IP ~ 




5 


IP " 




6 


IP ~ 




7 


IP ~ 


■¥ n-K + -K~it J ' 


8 


IP - 


>pK%Kl 


9 


IP ~ 


>K%£+ 


10 


IP " 


+ K+Att° 


11 


IP - 


+ K° s Att+ 


12 


IP ~ 


+ K° S S + W° 


13 


IP ~ 


+ K+A 


14 


IP " 


+ K+Z 


15 


IP ~ 


-> KlAn+ 



vertex of the K® decay was reconstructed by a fit. Vertices 
with a total charge of zero and an invariant mass near 
the K° mass (|M 7r+OT - - M K o \ < 0.03 GeV) were selected. 
Using time-of-flight information it was checked that the 
mass of the positive decay-particle is compatible with the 
pion mass. In addition it was required that the mass of 
the second positively charged particle is compatible with 
the mass of the K + , in the mass range from 0.4 GeV to 
0.7 GeV. The primary vertex was determined by a vertex 
fit including the K + track and the line of flight of the 
K^. Events with a neutron in the final state were selected 
by a cut on the missing mass recoiling against the K + K® 
system (|M miss - M n \ < 0.07 GeV). 

Finally a kinematic fit was used to distinguish between 
the wanted reaction and other channels (see table [1]). Re- 
maining background from the reactions 7p — > K + S ir^, 
which can populate the same final state, was removed by 
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Fig. 2. Reaction 7p — > pK + K : Invariant mass distribution of the pK system with the peak of the 71(1520) (left) and invariant 
mass distribution of the pK~ system in four energy intervals (right panel). 






Fig. 3. Topology of the reactions "/p — > K + K%n (a), "fp — > K + U ir + (b) and 7p — > K £ + ir (c). 



a cut on the invariant ror mass in the range 1.180 GeV of n + ir pairs from K® decay, (b) the K® decay time dis- 
< M n7r + < 1.210 GeV and 1.180 < M n7r - < 1.204 GeV, tribution and, in fig.0 the K°n mass distribution with 



respectively. 

FigureSJa) shows the invariant mass distribution of n + 7r~ 
pairs with the K° peak, after preselection of the events, 
fig. 0|b) the missing mass distribution calculated for the 
unmeasured neutral particles with the neutron peak. In 
fig. [5j after the final event selection, the following distri- 
butions are presented: (a) the invariant mass distribution 



the 4(1520) peak. 

The 7r + 7r - mass distribution in fig.|U[a) was fitted assum- 
ing a Gaussian shape, giving a K° mass of (0.497±0.0003) 
GeV in agreement with the nominal value [5] . Also the de- 
cay time distribution in fig.^b) with t=(0.84±0.04)-10~ 10 s 
is consistent with the nominal value. Similar to the pK~ 
case, the 4(1520) peak was fitted in the nR® mass dis- 
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Fig. 4. Mass distributions for the reaction 7p — > K + K®n, (a) Invariant mass of tt + -ty~ pairs in preselected 3-track data with 
Kg-peak. The following cuts were applied: for the neutron |M m i as — 0.94 GeV| < 0.075 GeV and for the K + a TOF mass 
information of m > 0.3 GeV. (b) Distribution of missing mass recoiling against the three tracks for all selected 3-track events 
showing a peak due to the missing neutron. 




M^. [GeV/c 2 ] V [s] 



Fig. 5. (a) Invariant mass distribution of tv + tv pairs after complete selection procedure including a kinematical fit (see text), 
calculated from the measured 4-momenta and (b) decay time distribution of the Kg for selected events from the reaction 
7 p ->■ K+K° s n. 



tributions in four photon-energy bins with a double Voigt 
function and a background term (not shown). 




9.4 1.5 1.6 1.7 1.8 1.9 2 

NLs,,k- [GeV/c 2 ] 



Fig. 6. Missing mass recoiling against the K showing the 
yl(1520) peak. 



3.3 ,1(1520) -> E±ir* 

The topologies of the reactions — > K + £~ir + with S~ 
decaying into nir~ and 7p — > K + E + ir~ with S + into 
nir + andpir are shown in figs. [3] (b) and (c), respectively. 
First, the primary vertex was reconstructed in a fit of the 
intersection of tracks trying all possible pairs of charged 
particles. The vertex fit with the best fit probability was 
accepted. Then the momentum was reconstructed at 
this vertex by a kinematic fit to hypotheses 3 and 4 (ta- 
ble [1]). As next step, the decay vertex of was recon- 
structed in a fit as intersection of the reconstructed S 
track with the third charged track. The decay hy- 
potheses were tested by a kinematic fit at the decay ver- 
tex. The K + mass, determined from time-of-fiight mea- 
surement had to lie in the region 0.4 < M K + < 0.7 GeV. 
In order to remove background from other reactions, fur- 
ther kinematic cuts were applied. The masses of n and 
7T° candidates, calculated as missing mass at the E decay 
vertex, had to be in the regions |Af m ; ss — M n \ < 0.07 GeV 
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M + =(1.197+/-0.002) GeV 




miss.,Kr 



Fig. 7. (a) Invariant mass distribution M m - of the nn~ system of the X^-decay for selected events from the reaction 7p - 
K + U~ir + , (b) Invariant mass M nv + of the nir + system of the X" + -decay for selected events from the reaction 7p — > K + E + ir~ 
(c) Missing mass M miss K + w - recoiling against the K + tv~ system for the decay-channel S + — } piv . 




Fig. 8. (a) Decay time distribution of £ , (b) Decay time distribution of £' 



and |M£ iss - M% \ < 0.005 GeV 2 , respectively. The in- 
variant mass of the rm^ system, calculated at the decay 
vertex, had to be in the range of the nominal mass of 
the £ (|M n7r ± - M s ±\ < 0.017 GeV). For £+ -4 pir°, 
it was requested that the missing mass recoiling against 
the K + ir~ system at the primary vertex is in the range 
1.165 < M missK + 7T - < 1.229 GeV. Remaining background 
from the reaction jp — > nK + K® was removed by requiring 
\M v + n - — M K o | > 0.03 GeV. In addition it was demanded 
that the K + mass, as determined from time-of-flight mea- 
surement, was in the 0.4 < M K + < 0.7 GeV range. 

For the decay S + — > pn , background events from the 
reaction jp — > K + Air° with A — > pir~ were removed by an 
anti-cut around the A mass (1.098 < M p7r - < 1.128 GeV). 
Figure [7] shows the invariant mass distributions of (a) mr~ 
from the E~ decay, (b) nir + from the S + decay, and (c) 
the missing mass recoiling against the K + tt~ system for 
the decay channel S + — > pir°. Figure [H] presents decay 
time distributions of £~ (a) and E + (b) after the complete 



event selection and kinematical fits. The mass and lifetime 
values are consistent with the PDG data. 
Figure [9] shows the distributions of missing masses recoil- 
ing against the K + for the reactions jp — > K + £~tt + (a) 
and 7p — > K + £ + ir~ (b). Again the distributions were fit- 
ted in four photon energy bins with a double Voigt func- 
tion and a polynomial background term. 



3.4 A(1520) ->■ Att+tt- 

Events from the reaction ^p — > K + Air + Tr~ , where A de- 
cays into pn~ , were reconstructed from the photon energy 
and five charged tracks. The decay vertex of the A can- 
didate was tentatively reconstructed as intersection of a 
positively charged track with each of the negative tracks, 
accepting the fit with the calculated invariant mass clos- 
est to the nominal A mass. The primary vertex was de- 
termined using the reconstructed A line of flight and the 
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M mi. s .,K- [GeV/c l ] ..... . M mjss [GeV/c 2 ] 



Fig. 9. (a) Missing mass distribution M miss K + recoiling against the K + for the reaction 7p — > K + U ir + with the peak 
of the 4(1520) and a peak due to the .E'(1385)/4(1405) complex, (b) Missing mass distribution M miss K + for the reaction 
7P -)■ K + E + %~ (for both decay-channels of the E + ) with peaks of the 4(1520) and X , (1385)/4(1405). 




1.55 I. 6 1.65 

M mi s,,K + [GeV] 



Fig. 10. Decay of 4(1520)-hyperons in the channel 4(1520) 
Air + ir~ . Missing-mass distribution M misa K + with the peak of 
the 4(1520)-hyperon a) without further cuts, b) with an anti- 
cut in the region of the missing mass M mis3 K + 7r - of I7(1385) + 
decays. Full lines describe the fit, dashed lines the background 
assumption. 




1.5 1.6 1.7 

M miS s.,K + [GeV] 



Fig. 11. Decay of 4(1520)-hyperons in the channel 4(1520) -> 
Ait + -k~ . Missing-mass distribution M miss K + with the peak of 
the 4(1520)-hyperon a) without further cuts, b) Missing mass 
plot of the 4(1520)-hyperons with an invariant mass M Aw + 
compatible with the decay channel 4(1520) — > S(1385) + n~ . 



remaining tracks. To reduce background from other re- 
actions, several cuts were applied. The missing mass re- 
coiling against K + t{ + it~ had to lie in the A mass region 
(1.075 < Mmiss < 1.149 GeV). The longitudinal momen- 
tum had to be conserved to better than 0.15 GeV. The K + 
mass assignment obtained from the time-of-flight mea- 



surement had to be in the range 0.4 < M K + < 0.7 GeV. 
Finally a kinematic fit was used to select events of the 
wanted reaction. The distribution of the invariant mass 
opposite to K + is shown in figs. [TU] and [TTJ The number 
of 4(1520) — > An + ir~ was determined as before. 
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4 Background from other reactions 



In order to estimate remaining background contributions 
which pass the selection process, background reactions 
(see table [T]) were simulated according to phase space 
in the photon energy range of the data, and processed 
in the same way as real detector data. In addition to 
the reactions in table [TJ jp — > pir + tt~ ir + ir~ and "fp — > 
pTr + ir~ir + ir~ir° were simulated for the Air + ir~ decay mode. 
The uncertainty in the shape of the background yield a to- 
tal systematic uncertainty in the 4(1520) cross section of 
less than 10% for all decay channels. 



5 Acceptance 



The acceptance was determined as a function of the pho- 
ton energy E 7 and cos 9 K + in the c.m.s. by means of 
Monte Carlo simulations using the GEANT programme 
package [5]. Events from the reaction jp — > K + 4(1520) 
with .4(1520) decaying into the final states pK~ , nK s , and 
Z ,± 7r T were generated by the SAGE-generator [TU] with 
propagation of Kg and i7 ± according to their lifetimes 
and the decays K s —> 7t + tt~, £~ — > mr~ , S + — > pn°, 
and S + — > nir + , respectively. Charged particles in the 
final states were tracked through the drift chamber sys- 
tem of the SAPHIR detector taking into account the mag- 
netic field and multiple scattering in all materials passed. 
Simulated events were analyzed in the same way as real 
data. The determination of the acceptance comprised the 
trigger efficiency of the data taking periods, the event 
reconstruction efficiency and the efficiency of the selec- 
tion process. On average the acceptance was of the order 
of 44% for jp -)• if +4(1520) -)• K+pK~ and 8 % for 
"fp — > K + K°n, K + S ± tt t . The reaction acceptance and, 
as an example, details for the K + K®n final state are given 
in fig. HU 



6 Results 

6.1 Total cross section for *yp — > K + A(1520) 

The number of 4(1520) events was determined by fits to 
the pK~, nKg, £~tt + , and £ + ir~ mass distributions in 
five cos 9 K + bins and for four bins in the photon energy 
covering the range from 1.69 GeV to 2.65 GeV. The fits 
were carried out assuming a Breit-Wigner form with a de- 
cay width fixed to the nominal value. Whilst in the nK® 
and pK~ mass distributions only the 4(1520) provided a 
narrow peak in the data, in the £n decay channels two 
additional Breit-Wigner functions for the 17(1385) and 
4(1405) were necessary. 

The total cross sections a(E 1 ) for 7p -> X+4(1520) de- 
termined from each decay channel was calculated from the 
number N^i 52 o)(E 7l cos 0k+), the acceptance A(E 7 , cos 0k+), 
the branching ratio BR and the global luminosity as the 
product of the photon flux A r 7 (i5 7 ) through the target and 
the target area density px'. 

I p \ _ 1 V-> ^A(1520)(^T,COS o K +) 

oyrj^) — BR-N~,{E~,)p T A(E 1 , cos 9 K+ ) ' 

the sum extending over the cos 6k+ bins. 
The results are shown in table [5] The quoted errors were 
calculated by adding in quadrature the statistical errors, 
the systematic uncertainties due to the parametrisation 
of the background underneath the 4(1520) peak, and the 
branching ratios. The total cross sections of the reaction 
7P — > X + 4(1520) are shown in fig. Q21 In fig. [TBTa) cross 
sections for different decay channels are presented. In fig. 
ITBTb') the results for the 4(1520) — > K~p decay chan- 
nel determined by integration of da/dt (see section l6~2l 
is shown. The da/dt cross sections from the four decay 
channels were averaged and integrated. The results are 
also shown in fig. U3f b). The error bars indicate the errors 
of the fitting procedure only, the differences between the 
three methods indicate the magnitude of the systematic 
errors. The results are consistent within the error bars. 
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Fig. 13. (a) Total cross section for the reaction 7p — > K + A(1520) as determined in different decay channels, (b) Comparison of 
the total cross sections for the dominant decay channel yl(1520) — > pK~ (see (a) , squares) gained via integration of the differential 
cross sections da /dt (upward triangles), and the averaged and integrated differential cross sections (downward triangles) from 
the four decay channels presented in (a). 



Table 2. Total cross section for the reaction jp — > K + /1(1520) 
determined in different decay channels of the yl(1520). The 
errors are largely due to the systematical uncertainty of the 
background parametrisation. 



Table 3. Differential cross sections and f-slopes for the re- 
action 7p — > _ftT + yl(1520) determined via the decay channel 
71(1520) — > pK~ in four photon energy bins. For the slopes 
estimates on the systematical errors are given. 



£ 7 [GeV] 


pK~ [ M b] 


E+ty- [fib] 




1.69-1.93 


0.422 ± 0.031 


0.518 ± 0.084 




1.93-2.17 


0.503 ± 0.033 


0.564 ± 0.113 




2.17-2.41 


0.418 ± 0.029 


0.456 ± 0.118 




2.41-2.65 


0.270 ± 0.031 


0.139 ± 0.115 




E 1 [GeV] 


E--K+ [fjb] 


nK° [fib] 


average [pb] 


1.69-1.93 


0.442 ± 0.070 


0.532 ± 0.097 


0.442 ± 0.026 


1.93-2.17 


0.519 ± 0.088 


0.577 ± 0.118 


0.482 ± 0.029 


2.17-2.41 


0.439 ± 0.083 


0.389 ± 0.098 


0.420 ± 0.026 


2.41-2.65 


0.297 ± 0.096 


0.254 ± 0.088 


0.242 ± 0.027 



6.2 Differential cross sections 

The differential cross sections da / dt of the reaction 7p — > 
X + yl(1520) were determined for four photon-energy in- 
tervals. Invariant mass distributions were plotted in each 
energy and t interval and fitted in order to determine the 
number of produced yl(1520) hyperons. The cross sections 
are shown in fig. [14] and table [3] In the four analyzed 
photon energy intervals the modulus of the exponential 
i-slope decreases from 5.4 to 1.5 GeV -2 with increasing 
photon energies. 

The differential cross sections dc/dcos 6>qj in the t-channel 
helicity frame (Gottfried- Jackson frame, fig.fl5]l were de- 
termined from the decay yl(1520) — > pK~~, again in four 
photon energy bins (fig. 1161) . 



E-y [GeV] 


t [GeV 2 ] 


da/dt [fib /GeV 2 ] 


slope [GeV" 2 ] 


1.69-1.93 


0.0-0.2 


1.547 ± 0.077 


-5.41 ± 0.7 




0.2-0.4 


0.386 ± 0.046 






0.4-0.671 


0.219 ± 0.029 




1.93-2.17 


0.0-0.2 


1.076 ± 0.081 


-2.20 ± 0.3 




0.2-0.4 


0.814 ± 0.062 






0.4-0.6 


0.489 ± 0.050 






0.6-1.285 


0.172 ± 0.017 




2.16-2.41 


0.0-0.2 


0.419 ± 0.057 


-1.63 ± 0.4 




0.2-0.4 


0.496 ± 0.058 






0.4-0.6 


0.385 ± 0.039 






0.6-0.9 


0.196 ± 0.025 






0.9-1.790 


0.063 ± 0.092 




2.41-2.65 


0.0-0.3 


0.361 ± 0.057 


-1.51 ± 0.4 




0.3-0.6 


0.283 ± 0.057 






0.6-0.9 


0.235 ± 0.055 






0.9-1.60 


0.063 ± 0.017 





The i-channel helicity-frame z-axis is defined as antipar- 
allel to the incident photon in the /1(1520) rest frame, 
the y-axis being normal to the production plane. The 
angular distribution serves as an indicator in case of t- 
channel exchange. If the /1(1520) (J p = 3/2") is pro- 
duced with m z = ±1/2 indicating K~ exchange, one ex- 
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Fig. 14. Differential cross section for the reaction 7p — > K + yl(1520) determined via the decay channel /1(1520) — > pK~ in four 
photon energy bins as a function of \t — to\', to denotes the minimal kinematically allowed squared four- momentum transfer, 
which was calculated on an event-by-event basis. 



pects a 1 + 3cos 2 6> A -- distribution, whereas a sin 2 ^- 
distribution indicates K* exchange with m z — ±3/2. Pub- 
lished data from the LAMP2 Group [TT] strongly favour 
a nearly exclusive production via K* exchange. The elec- 




Fig. 15. The t-channel helicity (Gottfried- Jackson) frame for 
the yl(1520). 



troproduction data from CLAS [T] are presented in four 
Q 2 bins between 0.9 and 2.4 GeV 2 averaged over W from 
threshold to 2.43 GeV. In these data, K exchange dom- 
inates, in particular towards larger Q 2 values. The au- 
thors [1 suggest that the difference to the LAMP2 results 
might be due to substantial contributions from longitudi- 
nally polarized photons. Our photoproduction results be- 
tween E 1 = 1.69 and 2.65 GeV do not show a preference 
for K* or K exchange in the t-channel. We applied an 
all + 3 cos 2 9 K - ) + f3 sin 2 6 K - + 7 cos 8 K - fit in order to 
take into account interference terms from the J = 1/2 hy- 
peron production background, as suggested by the CLAS 
group [J. When the data are divided into four energy bins 
(fig. [T5| a sin 2 K - dominance is observed at low energies. 
For energies above 2.43 GeV a 1 + 3 cos 2 9 K - shape is seen 
which indicates that K exchange is clearly preferred. This 
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r I I I I I I I I I I I I I I I I I I M Q tU LJ I LJ I I I I I II 

-1 -0.5 0.5 1 -1 -0.5 0.5 1 




-1 -0.5 0.5 1 -1 -0.5 0.5 1 

cos(e GJ ) cos(e GJ ) 



Fig. 16. The 4(1520) decay angular distribution in four energy bins in the t-channel helicity system. Solid line: complete fit 
(see text), dashed line: 1 + 3 cos 2 8 K - corresponding to K* exchange, dotted line: sin 2 6 K - corresponding to K exchange. 



is in contrast to the LAMP2 results, but seems compati- 
ble with the CLAS electroproduction data. The observed 
i-channel angular distribution changes rather rapidly with 
energy. Hence it cannot be assigned to variations in K* 
or K exchange. Therefore we conclude that this is likely 
due to interference of i-channel exchange processes with 
amplitudes for resonances formed in the s-channel. 



7 A(1520) decays 



Table 4. 4(1520) decay branching ratios. 



Decay mode PDG 



this work 



pK- 
nK° 

E+7T- 

E-7V+ 



} 45 ± 1% 



} 42 ± 1% 



(23.4 ± 1.6)% 



(21.6 ±2.8)% 
(11.8 ±2.1)% 

(16.3 ± 1.7)% 



7.1 Branching ratio for A(1520) — s- NK and Sir 

The total and differential cross sections presented in tables 
[2] and [3] are calculated using the yl(1520) decay branching 
fractions 0- In turn, the data allow us also to deduce 
the branching fractions, even though with larger errors. 
The values resulting from an integration of the efficiency 



corrected event numbers are collected in table S] and com- 
pared to PDG numbers. The ratios presented here are 
normalized to the sum of the fractions for decays into 
pK- + nK" and 3/2(Z , "7r+ ± S + tt~), respectively. The 
branching ratios are consistent with isospin invariance. 
The U~tt + and £ + Tt~ branching ratios are compatible 
with 25% probability. 
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7.2 The 27(1385)tt contribution to Atvtv in yl(1520) 
decays 

The Atttt decay channel is of special interest since the 
4(1520) might be a candidate for a 27(1385)7r molecule. 
In [J2] it is argued that the 4(1520) has a very strong cou- 
pling to the 27(1385)7r channel, while the small branching 
ratio into Atttt is assigned to the small phase space of the 
decay into 27(1385)7r. With a strong coupling to 27(1385)7r, 
the 4(1520) can be generated dynamically in a unitarized 
coupled-channel calculation. 

Experimentally, the fractional contribution of 27(1385)7r 
in 4(1520) — > Atttt decays is not precisely known. Wat- 
son et al. [13] found that this contribution cannot be de- 
duced reliably from their data. Mast et al. [2] analyzed 

bubble chamber events of the type K~p -> Att + tt~ and 9 Acknowledgements 

found that 0.82 ± 0.10 of the Att + tt~ decay proceeds via 
17(1385)71". From inelastic reactions of a K~ beam imping- 
ing on a neutron (in a D2 target), Corden et al. [TS] de- 
termined this fraction to be 0.58 ± 0.22, while Burkhardt 
et al. [16 found 0.39 ±0.10. 

To determine this fractional contribution from the data 
presented here, we define 27(1385)+ candidates by a 1.34 
GeV < M Aw ± < 1.4 GeV cut. For this purpose, the num- 
ber of 4(1520) hyperons in the missing mass distribution 
recoiling against the K + is plotted in two ways (figs. [TU] 
and lll[) : first without any additional cuts or anticuts, 
second with an anticut against the 27(1385) candidates. 
The number of observed 4(1520) hyperons is nearly un- 
changed (see fig. [TO)) . In fig.[TTJthe number of events with- 
out and with a cut around the 27(1385) mass is shown. 
The number of .4(1520) hyperons is largely reduced by 
this cut. The remaining events may be due to the de- 
cay chain 4(1520) —> 27(1385) ± 7r T or due to some back- 
ground. We use the number of observed events as an up- 
per limit for the ratio of 4(1520) partical decay widths 

T(i;(1385) ± 7rT (^Att+tt-)) 



evaluated. Contrary to the LAMP2 [TTJ results our mea- 
surements do not support dominance of K* 7j-channel ex- 
change. The results seem to be more compatible with the 
CLAS [JJ electroproduction data. Therefore we cannot 
support the conjecture of the CLAS collaboration that 
the difference to the LAMP2 data might be due to the 
contribution of longitudinally polarized photons. So, the 
deeper reason for the discrepancy with the LAMP2 data 
has still to be understood, even taking into account that 
the LAMP2 data were measured under different kinemat- 
ical conditions. The investigation of the 4(1520) — > Atttt 
channel shows no indication for a dominant decay via 
27(1385)tt. 
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experiment. We gratefully acknowledge the support by 
the Deutsche Forschungsgemeinschaft in the framework of 
the Schwerpunktprogramm "Investigation of the hadronic 
structure of nucleons and nuclei with electromagnetic probes" 
(SPP 1034 KL 980/2-3) and the Sonderforschungsbereich 
SFB/TR16 ("Subnuclear Structure of Matter"). 



r(Air+Tr-) • W e find this ratio to be less than 

0.19 for a decay via 27(1385)~7r + and less than 0.25 for a 
decay via 27(1385) + 7r~, yielding 

r(g(138 r&£o ff+0) < °- 44 (90% cl.) 

The result is hard to reconcile with the analysis of Mast 
et al. [2] or the predictions of Roca et al. [T2"] . 



8 Summary 

Photoproduction of the 4(1520) hyperon was studied from 
threshold to 2.65 GeV. The investigated decay channels 
were 4(1520) ->• pK', 4(1520) -> nK°, 4(1520) ->• K+ 
27+7T-, 4(1520) ->• K+S-TT+, and 4(1520) -> 47T+7T-. 
We present total cross sections for 4(1520) photoproduc- 
tion obtained from the first four decay channels. The four 
cross sections are fully compatible. The differential cross 
section da/dt for 4(1520) — > pK~ is shown in four en- 
ergy bins. For this channel angular distributions in the t- 
channel helicity system (Gottfried- Jackson system) were 
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